Abstract-Changes
in the sensitivity of the rabbit ear artery to exogenous norepi nephrine and potassium and to sympathetic nerve electrical stimulation were examined in vitro following decentralization which was performed by removing the unilateral preganglionic nerve proximal to the superior cervical ganglion. The contralateral side was left intact as a control.
The postjunctional supersensitivity to exogenous norepinephrine and potassium had fully developed one week after the decentralization and was sustained for at least 8 weeks; the arteries decentralized for 1-8 weeks were about 2.1 and 1.3-fold supersensitive to norepinephrine and potassium, respectively, as compared with the contralateral control arteries. The frequency-response curve of the electrically stimulated decentralized artery shifted gradually to the left of the control within weeks after decentralization.
Since the response to electrical stimulation was attributed to endogenous norepinephrine released from the sympathetic nerve terminals within the adventitial-medial junction, the leftward shift of the frequency-response curve in the decentralized artery probably reflects a gradual increase in the released norepinephrine per pulse by electrical stimulation, i.e., the prejunctional supersensitivity to electrical stimulation. It is concluded that the prejunctional sympathetic supersensitivity to electrical stimulation develops slower than the postjunctional nonspecific supersensitivity in the rabbit ear artery. The change in the sensitivity of the denervated post ganglionic neuron, including the superior cervical ganglion is also discussed with regard to the "law of denervation supersensitivity".
Postjunctional supersensitivity following interruption of impulse traffic in various smooth muscles has been well documented (see reviews 1, 2). However, little is known of the prejunctional changes of the post ganglionic neuron after decentralization, i.e., preganglionic denervation. Our previous studies suggested that chronic decentralization (for 8 weeks) of the rabbit ear artery produced not only post junctional supersensitivity to exogenous nor epinephrine (3) and potassium (4) but also prejunctional supersensitivity to electrical stimulation (5). In the present paper, "pre junctional supersensitivity" refers to neuronal hyperreactivity, since it is reasonable that the term be restricted to mean supersensitivity phenomenon occurring in the prejunctional site. Although the conventional use of the term "prejunctional supersensitivity" seems to pertain to the loss of neuronal norepi nephrine uptake (i.e., a cocaine-like poten tiation, see review 6), this type of super sensitivity seems to occur in the postjunctional effector and not in the pre-junctional site. The present study was undertaken to further clarify the prejunctional supersensi tivity separate from the postjunctional one, by comparing time courses of the change in sensitivity to electrical stimulation and to exogenous norepinephrine. The sensitivity to potassium was also examined, since post junctional nonspecific supersensitivity has been shown to involve altered electrophysio logical properties such as partial depolari zation of the effector cell membrane (1, 2) and potassium produces contraction of vascular tissue, mainly through depolarization (7).
Our results clearly differentiate different time courses in the development of pre junctional supersensitivity to electrical stimulation and the postjunctional supersensi tivity to drugs in the decentralized rabbit ear artery. The change in sensitivity of the denervated ganglion will be discussed from the standpoint of prejunctional supersensi tivity after decentralization.
Materials and Methods

Sympathetic decentralization:
The decen tralization operation was performed on male Japanese white rabbit weighing 2.0-2.3 kg, 1, 2, 4 and 8 weeks prior to in vitro experi ments. Following sedation with chlorpro mazine (10 mg/kg, i.m.), the animals were anaesthetized by giving an intraperitoneal injection of a mixture containing per 100 ml: 4.25 g chloral hydrate, 0.97 g pentobarbital sodium, 2.13 g magnesium sulfate, 42.8% propylene glycol and 11.5% alcohol. The dose used was about 2 ml/kg (8). The central artery of the ear was decentralized unilaterally by dissecting the preganglionic fiber 2-3 cm in length up to the superior cervical ganglion, under sterile conditions. The contralateral ear artery was left intact and served as the control.
Arterial preparations: The animal was killed by a blow on the head and rapid exsanguination.
Both decentralized and con tralateral control ear arteries were cut in situ, using parallel blades separated by 3 mm. Griffith et al. (9) found that the innervation in the proximal region was about twice as dense as that in the distal region. In this regard, the region used in the present study was consistently the proximal one. a-adrenoceptor sensitivity (10, 1 1 ). However, no such blocking agents were used in the present study since decen tralization does not affect uptake and retention in adrenergic nerve terminals (12) . Concen tration-response curves for norepinephrine were obtained in a cumulative manner (8).
Although use of a high potassium solution to investigate the effect of potassium on smooth muscles is debatable, the sensitivity to potassium with hypertonic high KCI solution was virtually identical to that obtained with hypertonic high K2SO4 or with isotonic high potassium solution, and the possible release of norepinephrine from the sympathetic nerve terminals by high potassium was negligible (4). Thus, concen tration-response curves for potassium were also obtained by cumulative administration of 2 M KCI solution into the tissue bath, in the absence of a and e3-adrenoceptor antago nists.
On the basis of cumulative concentration response curves, the mean median effective concentration (EC50) was calculated geometrically (13) .
Responses to transmural electrical stimu lation: The contractile response to transmural electrical stimulation was elicited from an electronic stimulator (Nihon Kohden Kogyo, MSE-3) by using rectangular pulses of 0.2 msec duration and a supramaximal voltage of 40-50 V between platinum electrodes placed on either side of the artery (5, 8). An electrical stimulation frequency-response curve was obtained by a random order of stimulation frequency.
The stimulation intervals were 15-20 min. The response was reproducible for more than 10 times under these conditions.
There has been no consistent handling of the frequency-response curve, e.g., some are plotted on an arithmetic scale (14) and others, on a log scale (15) . In the present study, the median effective frequency (EF50) was obtained from the frequency-response curve plotted on a log scale of frequency as the abscissa, and the mean EF50's and the statistical tests of their significance were made on the basis of the geometric means (see Results).
Chemical agents: Drugs used were nor epinephrine bitartrate (I-Arterenol bitartrate, Sigma), tetrodotoxin (Sankyo), cocaine hydrochloride (Takeda), phentolamine mesylsulfonate (Ciba Geigy), prazosin hydrochloride (Pfeizer), dl-propranolol hy drochloride (Inderal, ICI), chlorpromazine (Wintermin, Shionogi), and pentobarbital sodium (Tokyo Kasei). The former five agents were dissolved in distilled water as stock solutions and frozen. The stock solutions were thawed and diluted with 0.9% NaCI solution into appropriate concentrations before each experiment.
Statistical analysis: Decentralized and control arterial ring segments were con sidered paired if they were removed from the same animal and were tested during the same time period. Statistical evaluation of the results was made using Student's t-test of paired, when applicable, or unpaired samples. The 0.05 level of probability was regarded as significant. (12) .
The concentration-response curve of the decentralized artery for hypertonic high potassium also shifted to the left of the control (Fig. 2) . There was no significant difference in the maximum response between the control and the decentralized vessels. The increase in sensitivity to potassium in the decentralized vessels also seemed to be very stable through out different terms of decentralization, ranging from 1. 19 to 1.23-fold at EC50 (Table 1 and Fig. 7) . Mean EC50 values obtained in the presence of the a-adre noceptor antagonist phentolamine at 3x10-7 M and the 8-adrenoceptor antagonist pro pranolol at 3x10-7M, cited from our previous paper (4), are also shown in curves for potas sium in decentralized (for 1 week) and corre sponding control arteries (n=7). There was no significant difference in the maximum response to potassium between the decentralized and control arteries. Ordinate shows the percent of the maximum response. (Fig. 4) . It also became obvious that the artery with a long-term decentralization responded to single pulse stimulation (actually, 1/60 Hz). This rapid phasic contraction (twitch-like response) developed slowly and gradually after decentralization. As shown in the inset of Fig. 4 , the twitch-like response was abolished by a low concentration (3x10-8 M) of tetrodotoxin and was conversely enhanced by cocaine (10-5 M). The twitch like response was abolished by the a adrenoceptor antagonist phentolamine (10-6 M) or prazosin (10-8 M) . Likewise, responses to higher stimulation frequencies were also depressed by the a-adrenoceptor antagonists. In addition, when the concentration of Ca in the bathing media was lowered to 1 /2 or 1 /4 of that in the normal media, twitch-like responses as well as tetanic responses of both control and decentralized arteries diminished extremely. Ca-free media abolished the response to electrical stimulation. The condition of electrical stimulation was the same as in Fig. 3 . Note that the decentralized artery responds to very low frequencies and that the rapid phasic contractile response to a single pulse stimulation is manifest.
In the inset, after the decentralized artery was stimulated (shown by dots) at every 1 min, the twitch-like response was enhanced, and the decline of contraction was inhibited in the presence of cocaine 10-5 M. Therefore, the artery was stimulated every 2 min. Tetrodotoxin (3x10-1 M) abolished the response. When the magnitude of response is plotted versus the logarithm of electrical stimulation frequency, a sigmoidal curve results (Fig. 5) , i.e., the response seems to be related to geometric increment in frequency. There was no significant difference in the frequency response curves among the control artery groups of 1, 2, 4 and 8 weeks after decen tralization (Fig. 5) . On the other hand, the stimulation frequency-response curves of the decentralized arteries shifted to the left of the control. The degrees of the leftward shift became more prominent with time after decentralization (Fig. 5) . The EF50 histograms were made on both arithmetic and logarithmic scales, as shown in Fig. 6 , using the data of control ear arteries obtained from the rabbits decentralized for 1, 2, 4 and 8 weeks. D values denoting the maximum deviation from the Kolmogorov Smirnov test (16) were 0.12 for arithmetic and 0.08 for log values. There was no sig nificant deviation from the normal distribution of the arithmetic as well as the log values (P>0.2 in both cases). However, on an arithmetic scale, the values were rather skewed toward the left, in contrast to the distribution of log EF50 values which appeared normal (Fig. 6) . Thus, it seems reasonable that the mean EF50's and statistical tests of their significance are made on the basis of the geometric means.
There was no significant difference in mean EF50 values among the control artery groups obtained from different terms of decen tralization (Table 1 ) . The EF50 values of decentralized arteries were, however, sig nificantly less than those of respective control arteries. The EF50 values of decentralized arteries decreased with weeks after decen tralization, and the values from 8 weeks decentralized animals were significantly less than those in case of a 1 week-decen tralization (Table 1) . Thus, the ratio of [EF50]control / [EF50]decentralized, which might reflect the degree of prejunctional supersensitivity, increased gradually, and the value of 8 weeks-decentralized artery was significantly larger than that of 1 week decentralized artery (Table 1 ). Discussion The present results confirm the suggestion of Tsuru and Bevan (5) that adrenergic nerve terminals within the chronically decen tralized rabbit ear artery are supersensitive to electrical stimu!ation as compared with the normal one, i.e., the former releases more norepinephrine per nerve impulse than the latter. It is also revealed that the development of the sympathetic prejunctional supersensi tivity was delayed longer than that of the postjunctional one.
The present and the previous results (4, 8) confirm that the response to electrical stimu lation under the present experimental con ditions is exclusively mediated by endogenous norepinephrine released from the intrinsic sympathetic nerve terminals within the adventitial-medial junction. In addition, it seems likely that neither r-receptors (17) nor the co-transmitter ATP (18, 19) is involved in the response.
The EF50 values of the decentralized arteries were significantly less than the controls (Table 1) . Moreover, while the values of the control seemed to be steady, those of the decentralized artery decreased with weeks after decentralization.
Therefore, the mean ratios of EF50 for the control versus EF50 for decentralized arteries, which were also calculated geometrically, tended to increase gradually (Fig. 7) . In fact, the mean ratio of the 8 weeks-postoperative group was significantly larger than that of the 1 week postoperative group (Table 1, Fig. 7 ). On the other hand, the change in sensi tivities to exogenous norepinephrine and potassium were also found 1 week after decentralization, and the condition was maintained for 8 weeks (Table 1, Fig. 7) . Therefore, it seems likely that the time dependent leftward shift of the frequency response curve and slow development of twitch-like response (Fig. 5) correspond to the increase in the amount of norepinephrine released per nerve impulse. In other words, decentralization results in gradual develop ment of prejunctional supersensitivity to electrical stimulation as compared with the relatively rapid development of postjunctional supersensitivity.
There is accumulating evidence that decentralization is associated with increases in transmitter release from the sympathetic postganglionic nerves in the rat iris (20) and the rat salivary gland (21) , which are innervated by the superior cervical ganglion, as is the case with the nictitating membrane, the cat spleen (22) , and the guinea-pig and the rat vas deferens (23) . Westfall (23) suggested that the gradual loss of activity of a-adrenoceptor, muscarinic , and pros taglandin inhibitory presynaptic receptors was involved in these time-dependent in creases in the release of 3H-norepinephrine and dopamine a-hydroxylase and an in creased response of the postjunctional receptor to electrical stimulation. In particular, the subsensitivity of the presynaptic a2 adrenoceptor is responsible for the increment of neurotransmitter release by electrical stimulation after surgical decentralization of the rat salivary gland (21) and the guinea-pig and rat vas deferens (23), after chronic ganglion blockade with chlorisondamine of the guinea-pig and rat vas deferens (14) , and after long-term antidepressant desipramine treatment in the rat atrium (15) . Therefore, such may be also the case in the present experiment with rabbit ear artery.
Electrophysiological properties of the effector smooth muscle cells may be altered by interruption of sympathetic innervation (see review 2). Partial depolarization is, at least in part, responsible for nonspecific postsynaptic supersensitivity in the guinea pig vas deferens (24), the rat portal vein (25) and the rabbit saphenous artery (26) . If such is the case in the denervated sympathetic ganglia, it is understandable that the pre junctional adrenoceptors may become subsensitive and the transmitter releases increase, because Brown and Caulfield (27) found that the adrenergic cell bodies in the superior cervical ganglia of the rat were hyperpolarized through activation of the same type of a-receptor (i.e., ""a2-receptor") as present at the adrenergic nerve terminals. Therefore, possible alterations in electro physiological properties of the denervated ganglia have to be considered.
Decentralization of tissues is usually performed by excision of preganglionic fiber, being identical with the denervation of the ganglion. There is controversy as to whether the superior cervical ganglion fits the "law of denervation supersensitivity". 
